The invasion process involves overcoming certain barriers with negative effects on the biodiversity and ecosystem function. This is the case of the African dung beetle Digitonthophagus gazella, which was introduced in the United States and other countries in Central and South America to help in dung removal activity. The distribution of D. gazella has been documented in the Americas, but in Venezuela there is little information. Trying to understand the process of invasion of the Colombian-Venezuelan savannas and measure their potential impact, the information stored in collections and literature was collected. Five new state records were reported for Venezuela, as well as four scenarios of the process of introduction and establishment of this species in the region. Although the amount of records has increased, the number of individuals sampled is still incipient. The possible areas of invasion and the potential negative effects that the presence of this species exerts in these regions are also discussed. In addition, potential areas of invasion and negative effects of this species are discussed. Results emphasize the importance of generating models of the invasive process in order to design programs that monitor the effects incurred by the presence of D. gazella on native species and propose control and mitigation mechanisms.
Introduction
The invasive process of a foreign species is made up of successive steps that consist in its overcoming environmental, geographical, and demographical barriers in a way that it is able to disperse extensively. Thus, invasive species with a stable population can generate threats to local species [1] [2] [3] . In ecosystems, invasive species have been under study for over two decades now [4] . It is known that some invasive species can alter a community's species structure (abundance, diversity, composition, and biomass) having negative effects on the ecosystem's biodiversity [5] and functionality [6] .
Since the anthropic introduction of the African dung beetle Digitonthophagus gazella (Fabricius, 1787) [7] [8] in 1970 in Texas-USA [9] [10] to assist in the removal of cattle feces, its dispersion has been documented in Mexico [11] [12] [13], Guatemala [14] , Nicaragua [15] , the Greater Antilles: Cuba (F. Vaz-deMello pers. comm.), Jamaica, La Española (Dominican Republic), Puerto Rico, the Lesser Antilles: St. Croix, Anguila, St. Kitts, Monserrat, Guadalupe, Marie-Galante [16] , Martinique [17] and Granada [14] .
Within South America, D. gazella has been recorded due to both dispersion and unofficial introduction events in Colombia [18] - [25] , Bolivia [26] , Paraguay [27] , Peru [28] , and Argentina [29] ; and only due to unofficial introduction events in Brazil [30] [31] [32] , continental Chile, and Easter Island [33] .
Although there are detailed records of the invasion process in North America, particularly for Mexico [11] der to fill in this information gap and to understand the possible effect on local biodiversity during the species' process of introduction, establishment, and invasion in the savannas of Venezuela and Colombia, the following study was performed.
Materials and Methods
The information from public and private collections was gathered, field expeditions to specific locations were implemented, and all bibliographic material was validated in order to construct a detailed map of the current distribution of D. gazella in the savannas of Venezuela and Colombia. With all these information we try to understand the biogeographic patterns of the introduction and establishment of the species'. The zoological collections examined in Venezuela were:
Entomological Collection of the Andean Entomology Foundation (CEFUNEA), Tachira Joffre Blanco Entomology Collection (METJB), and Museo del Instituto de Zoología Agrícola "Dr. Francisco Fernández Yépez" (MIZA). Distribution maps were generated using ArcView GIS version 3.2.
Results and Discussion

New records
Five new state reports have been established for Venezuela from the informa-tion gathered in the zoological collections, constituting the first official record for this species in the country and expanding its known distribution range ( Figure 1 ). For Colombian records we put together all the available information of the distribution pattern of this species [18] - [25] . [39] . At this locality, eight different species were surveyed and D. gazella (initially identified as Onthophagus sp. 1) was the most abundant (38.41%; n = 2112 ind.) showing an established population and corroborating that the species was introduced before the completion of the survey [39] . In this locality and surrounding areas (El Recreo, Bancada de Limones, Colon-Zulia) D. gazella has been collected throughout the year in cattle dung and pitfall traps with human excrements, appearing only in grasslands away from the banana fields (secondary vegetation in regeneration) and not as abundantly as in the initial records (J. Gámez unpub. data).
2) Bolívar, Apure, and Guárico-Venezuela midland (1998-2000)
The following records in Venezuela correspond to the States of Bolívar in 1998 (n = 5 ind.), Apure in 1999 (n = 2 ind.), and Guárico in 2000 (n = 34 ind.). Although these records indicate low population densities, this is because the surveys carried out were not of systematic character nor were intended to calculate the species' population densities in the area. The survey carried out in the State of Bolivar is of special interest because this region is located in the south portion of the Orinoco River, a potential geographical barrier for the dispersal of the species that may be related to the growing livestock industries.
3 In Venezuela, it is probable that the species has already colonized the complete vicinities of Lake Maracaibo and entered the States of Anzoátegui, Barinas and Portuguesa, as well as occupied the introduced pastures in the Southern regions of the Lake corresponding to the States of Mérida and Trujillo. Similarly, it is probable that it will disperse throughout the plains region, which covers 200,000 km 2 of Venezuelan territory [43] . The main geographic barriers in Venezuela, other than the Andes [41] , are the rainforests in the States of Amazonas and Bolivar, and the xerophytic shrubs, marshes, and mangroves of the Caribbean region.
The limited records in Venezuelan territory may be the result of a lack of surveys in more relevant regions or because of low population densities. Additionally, it should be noted that until recently in Venezuela the species had been inaccurately identified as Onthophagus sp. [39] . Potential negative effects of D. gazella invasion Given that D. gazella presents a high dispersal capacity [13] [35], high individual mobility [44] , high reproductive rate [45] [46] , and opportunistic behavioral strategies in relation to trophic resources [47] , it is a species with an elevated potential to cause negative effects upon native species [48] . In areas where D. gazella's habitat requirements overlap with those of species possessing narrow niches; these may become strongly compromised, resulting in local extinctions especially in the case of low-density populations.
In one of the localities in Texas where D. gazella was originally introduced, tracking of its population numbers has registered an increase in the species' abundance to values constituting up to 30% of the beetle species composition in the ecosystem (n = 11,709 of 40,079 ind.; 21 spp.) [49] . In other regions, the negative effects of D. gazella upon the population structure of dominant native species, such as Ateuchus histeroides (Weber) and Copris minutus (Drury) in Georgia-USA, has been observed in the drastic reduction of their population numbers in response to competition with D. gazella for trophic resources [40] .
In Colombia (J.A. Noriega unpub. data) and Brazil (C. Flechtmann pers.
comm.) similar negative effects have been observed in native ecosystems' species composition, resulting in sharp declines in their population numbers and presumed local extinctions of native species that have not been recorded again since D. gazella's establishment. On the other hand, in other localities these effects are not as apparent, making it seem as though their native species assemblages are less susceptible to invasive species negative effects [50] [51]. However, this may be due to the fact that D. gazella is still in the initial moments of its establishment in these areas. In addition, Anduaga [37] says that despite the virtues attributed to D. gazella, this species does not fulfill its role as a mediator efficiently since it recycles excrement at a small scale due to its small size. This results in a small amount of relocated excrement and at a shallow depth, not being sufficient to control fly and parasite activity.
It's imperative to generate biogeographical models using the available information on the natural history and barriers of this species to clearly understand the process of introduction, establishment, and invasion in areas with endemic species [52] . Also, it is important to implement programs that monitor D. gazella populations on native species and recommend control and mitigation mechanisms of its negative effects.
